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OBJECTIVE LENS-DRIVING APPARATUS 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to an objective lens-driving apparatus 
that controllably corrects errors in tracking grooves or pits 
formed in an optical recording medium such as an optical disk. The 
invention also relates to an objective lens-driving apparatus that 
controllably corrects errors in focusing a beam of light on an 
optical recording medium such as an optical disk. 

DESCRIPTION OF THE RELATED ART 

When signals are recorded onto or reproduced from an optical 
recording medium through an objective lens, a control is required 
to position the objective lens in such a way that a light spot is 
always focussed on the recording grooves or pits accurately. Many 
of such objective lens-driving apparatuses are of a moving coil 
type. 

However, the moving coil type requires a means for supplying 
electric power from a stationary part of the apparatus to a coil 
on a movable part. This power supplying means adversely affects 
the drive characteristic of the objective lens-driving apparatus, 
preventing the objective lens from being highly accurately 
positioned. In addition, the coil requires to be electrically 
connected to the power supplying means but this electrical 
connection is rather difficult. 

In order to solve these problems, for example, Japanese Patent 
Hei No. 7-19388 proposes a moving magnet type objective lens driving 
apparatus . 

Fig. 25 is a perspective view, with a partially cutaway view, 
of a pertinent portion of the conventional apparatus disclosed in 
Japanese Patent Hei No. 7-19388. 

Referring to Fig. 25, flat focusing coils 124a and 124b and 
flat tracking coils 125a and 125b are wound generally in a flat 
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plane, and securely supported by walls 103a and 103b in opposing 
vertical planes. The walls 103a and 103b are in one-piece 
construction with a base 101. A lens holder 110 is rotatably 
supported on a shaft 109 securely fixed to the base 101 , and supports 
an objective lens 113 and magnets 116a and 116b thereon. 

A supporting spring 118 is in the shape of a square loop and 
maintains the lens holder 110 at its neutral position. A pair of 
opposing sides of the spring 118 is fixed to the lens holder 110 
and another pair of opposing sides engages retaining plates 107 
and 107b (only 107b is depicted) to be fixed to the base 101. 

When a focus error is corrected, a predetermined electric 
current is run through the focusing coils 124a and 124b to create 
an electromagnetic force acting between the current and the 
magnetic field emanating from the magnets 116a and 116b for focusing 
control. This electromagnetic force drives the lens holder 110 
in a direction perpendicular to the surface of the optical recording 
medium. 

When a tracking error is corrected, a predetermined electric 
current is run through the tracking coils 125a and 125b so that 
the lens holder 110 is driven in a direction transverse to the track 
in the optical recording medium for tracking control. 

The aforementioned conventional objective lens driving 
apparatus requires the spring 118 that supports the lens holder 
rotatably and holds the objective lens at its neutral position. 
The use of the spring 118 increases the number of components and 
makes the assembly operation of the apparatus complex. 

A magnetic circuit is formed of only the magnets 116a and 116b 
and therefore the magnetic field generated by the magnetic circuit 
is rather weak. As a result, this conventional apparatus makes 
drive sensitivity low and requires more electric power accordingly. 

A small gap between the support shaft 109 and lens holder 110 
can cause rattling of the lens holder 110 and/or tilting and 
vibration of the objective lens 113. 



2 



534913 



SUMMARY OP THE INVENTION 

An object of the present invention is to solve the 
aforementioned problems . 

An object of the invention is to provide an objective lens 
driving apparatus that requires no specific component to keep the 
objective lens at its neutral position and facilitates assembly 
operation of the apparatus. 

Another object of the invention is to provide an objective 
lens driving apparatus where mechanical vibration due to the gaps 
between bearings is minimized during operation. 

A still another object is to provide an objective lens driving 
apparatus where drive sensitivity of a lens holder is increased, 
thereby implementing a low-power consumption operation. 

An objective lens driving apparatus is used for positioning 
an objective lens accurately to form a light spot on grooves or 
pits on an optical recording medium. An objective lens has an 
optical axis and focusing light emitted from a light source on an 
information-recording medium. A lens holder holds the objective 
lens and having a bearing hole that extends in a direction parallel 
to the optical axis. A shaft is inserted into the bearing hole 
so that the lens holder is rotatably supported on the shaft. A 
pair of magnets supported on the lens holder, the magnets being 
diametrically opposite to one another with respect to the shaft. 
A base is made of a magnetic material and has a pair of coil- 
supporting yokes. The pair of coil-supporting yokes are disposed 
such that each of the pair of magnets exerts an attraction force 
on a corresponding one of the pair of portions to urge the lens 
holder both in a direction of the optical axis and in a direction 
perpendicular to the optical axis. A first set of first focusing 
coil and tracking coil and a second set of focusing coil and tracking 
coil are mounted to the pair of portions of the base. The first 
and second sets are diametrically opposite with respect to the shaft 
in such a way that the pair of magnets are between the first and 
second sets. 
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The objective lens driving apparatus further includes the 
focusing coil of each of the first and second sets has a first axis 
of coil, and the tracking coil of each of the first and second sets 
has a second axis of coil substantially perpendicular to the first 
axis of coil. When a first current flows through the focusing coil 
of each of the first set and second set, an urging force in a 
direction parallel to the shaft is generated between a 
corresponding magnet and the focusing coil. When a current flows 
through the tracking coil of each of the first set and second set f 
an urging force in a direction substantially perpendicular to the 
shaft is generated between a corresponding magnet and the tracking 
coil. 

An objective lens driving apparatus is used for positioning 
an objective lens accurately to form a light spot on grooves or 
pits on an optical recording medium. An objective lens has an 
optical axis and focuses light emitted from a light source on an 
information recording medium. A lens holder holds the objective 
lens and has a bearing hole that extends in a direction parallel 
to the optical axis. A shaft is inserted into the bearing hole 
so that the lens holder is rotatably supported on the shaft. A 
pair of magnets are supported on the lens holder and diametrically 
opposite to one another with respect to the shaft. A pair of 
coil-supporting yokes are made of a magnetic material. A base is 
made of a non-magnetic material and holds the pair of coil supporting 
yokes. The coil supporting yokes are^disposed such that each of 
the pair of magnets exerts an attraction force on a corresponding 
one of the pair of portions to urge the lens holder both in a 
direction of the optical axis and in a direction perpendicular to 
the optical axis. A first set of first focusing coil and tracking 
coil and a second set of focusing coil and tracking coil are mounted 
to the pair of portions of the base. The first and second sets 
are diametrically opposite with respect to the shaft in such a way 
that the pair of magnets are between the first and second sets. 

An objective lens driving apparatus is used for positioning 
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an objective lens accurately to form a light spot on grooves or 
pits on an optical recording medium. An objective lens has an 
optical axis and focusing light emitted from a light source on an 
information-recording medium. A lens holder holds the objective 
lens and has a bearing hole (6a) that extends in a direction parallel 
to the optical axis. Two magnets are supported on the lens holder 
and are diametrically opposite to one another with respect to the 
shaft. A shaft is inserted into the bearing hole so that the lens 
holder is rotatably supported on the shaft. Two coil-supporting 
yokes are made of a magnetic material. Two yoke carrying members 
are made of a non-magnetic material . Each of the pair of supporting 
yokes holds a corresponding one of the pair of coil supporting yokes . 
A base is made of a non-magnetic material and has the shaft. The 
base has a pair of magnetic portions disposed such that each of 
the two magnets exerts an attraction force on a corresponding one 
of the pair of magnetic portions. Thus, the lens holder is urged 
both in a direction of the optical axis and in a direction 
perpendicular to the optical axis. A first set of first focusing 
coil and tracking coil and a second set of focusing coil and tracking 
coil are mounted to the pair of portions of the base. 

The first and second sets are diametrically opposite with 
respect to the shaft in such a way that the pair of magnets are 
between the first and second sets* 

Further scope of applicability of the present invention will 
become apparent from the detailed description given hereinafter. 
However r it should be understood that the detailed description and 
specific examples , while indicating preferred embodiments of the 
invention, are given by way of illustration only, since various 
changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from 
this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from 
the detailed description given hereinbelow and the accompanying 
drawings which are given by way of illustration only, and thus are 
not limiting the present invention, and wherein: 

Fig. 1 is a perspective view, illustrating a configuration 
of an objective lens driving apparatus according to a first 
embodiment ; 

Fig. 2 is a perspective view, illustrating the bottom portion 
of the apparatus shown in Fig. 1; 

Fig. 3 is an exploded perspective view of the apparatus shown 
in Fig. 1; 

Fig. 4 illustrates a magnetic circuit of the first embodiment; 

Fig. 5 illustrates the operation of the objective lens driving 
apparatus according to the first embodiment when the lens holder 
is driven in an X-Y plane; 

Fig. 6 illustrates the operation of the objective lens driving 
apparatus according to the first embodiment when the lens holder 
is driven in the Z-axis ; 

Fig. 7 is a perspective view illustrating the general 
configuration of the objective lens driving apparatus according 
to a second embodiment; 

Fig. 8 is an exploded perspective view of the objective lens 
driving apparatus shown in Fig. 7; 

Fig. 9 illustrates a magnetic circuit of the second 
embodiment ; 

Fig. 10 is a perspective view, illustrating a general 
configuration of the objective lens driving apparatus according 
to a third embodiment; 

Fig. 11 is a perspective view, illustrating the bottom portion 
of the apparatus shown in Fig. 10; 

Fig. 12 is an exploded perspective view, illustrating various 
components of the objective lens driving apparatus shown in Fig. 
10; 
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Fig, 13 illustrates a magnetic circuit of the third 
embodiment ; 

Fig. 14 illustrates a focusing coil and tracking coil mounted 
on a yoke; 

Fig. 15 is a perspective view, illustrating the configuration 
of an objective lens driving apparatus 41 according to a fourth 
embodiment ; 

Fig. 16 is a perspective view, illustrating the bottom portion 
of the objective lens driving apparatus; 

Fig. 17 illustrates a magnetic circuit of the fourth 
embodiment ; 

Fig. 18 is a perspective view, illustrating the configuration 
of an object driving apparatus 51 according to a fifth embodiment; 

Fig. 19 is a perspective view, illustrating the bottom of the 
apparatus shown in Fig. 12; 

Fig. 20 is an exploded perspective view of the apparatus shown 
in Fig. 12; 

Fig. 21 illustrates a magnetic circuit of the fifth 
embodiment ; 

Fig. 22 is a perspective view, illustrating the configuration 
of an objective lens driving apparatus; 

Fig. 23 is a perspective view, illustrating the bottom portion 
of the objective lens driving apparatus; 

Fig. 24 illustrates a magnetic circuit of the sixth 
embodiment; and 

Fig. 25 is a perspective view, with a partially cutaway view, 
of a pertinent portion of a conventional art apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 
{ Construction} 

Fig. 1 is a perspective view, illustrating a configuration 
of an objective lens driving apparatus according to a first 
embodiment . 
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Fig. 2 is a perspective view, illustrating the bottom portion 
of the apparatus shown in Fig. 1. 

Referring to Figs. 1 and 2, a Z-axis is a direction parallel 
to the shaft 5 , an X-axis is a direction perpendicular to the Z-axis , 
and a Y-axis is a direction perpendicular to the X-axis and Z- 
axis. 

Referring to Figs . 1 and 2 , an obj ective lens driving apparatus 
1 has a base 2 made of a magnetic material coated with a 
f luoroplastics having a small friction coefficient. The base 2 
has side walls 3 and 4 at opposite ends thereof and a supporting 
shaft 5 extends from a middle of the base 2 . 

A lens holder 6 is made of a light-weight, highly rigid 
plastics, and has a bearing hole 6a formed in the middle thereof. 
The supporting shaft 5 extends through the bearing hole 6a and is 
rotatably supported. The holder 6 supports an objective lens 7 
at a position eccentric to the shaft 5 in such a way that the optical 
axis of the objective lens 7 is parallel to the Z-axis. 

L-shaped coil-supporting yokes 3a and 4a are formed on top 
of the side walls 3 and 4 . Each of the coil-supporting yokes 3a 
and 4a has a long free portion that extends in the X-axis . Magnets 
8 and 9 are disposed to oppose the long free portions of the 
coil-supporting yokes 3a and 4a , respectively. When the lens 
holder 6 is at its neutral position, the optical axis of the 
objective lens 7 and the rotational axis (i.e., the shaft 5) of 
the objective lens 7 lie in a plane parallel to the X-axis. 

Fig. 3 is an exploded perspective view of the apparatus shown 
in Fig. 1. 

A yoke 10 is formed of a magnetic material and has a base and 
a pair of magnetic paths lOe and lOf that extend from the base and 
oppose each other. The base has screw holes lOa-lOc and a 
positioning hole lOd formed therein. The magnetic paths lOe and 
lOf are assembled in such a way that the magnetic paths lOe and 
lOf extend through openings 2a and 2b formed in the base 2 and 
clearance holes 6b and 6c formed in the lens holder 6 , respectively. 
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Each of the magnetic paths lOe and lOf is fixed to the outer bottom 
surface of the base 2 by means of three screws llb-lld. 

Fig. 4 illustrates a magnetic circuit of the first embodiment. 

Upon attaching the yoke 10 to the base 2, a magnetic circuit 
is defined which includes the coil-supporting yoke 3a , base 2, and 
magnetic path lOe and surrounds the magnet 8. A magnetic flux Ml 
flows through the magnetic path. Also, another magnetic circuit 
is defined which includes the arm 4a, base 2, and magnetic path 
lOf and surrounds the magnet 8. A magnetic flux M2 flows through 
the magnetic path. In Fig. 4, the tracking coils 14 and 15 are 
omitted for simplicity. 

Fig. 5 illustrates the operation of the objective lens driving 
apparatus according to the first embodiment when the lens holder 
is driven in an X-Y plane. 

Fig. 6 illustrates the operation of the objective lens driving 
apparatus according to the first embodiment when the lens holder 
is driven in the Z-axis. 

Referring to Figs. 5 and 6, the base 2 has a pair of 
coil-supporting yokes 3a and 4a disposed. The magnetic flux Ml 
and M2 flow through the tracking coils 14 and 15. The magnets 8 
and 9 exert attraction forces on the pair of coil-supporting yokes 
3a and 4a to urge the lens holder 6 both in a direction of the optical 
axis C (parallel to the Z-axis) and in a direction (parallel to 
the X-axis) perpendicular to the optical axis C. 

Referring to Fig. 5, upon assembly of the apparatus, the lens 
holder 6 is urged in a negative X-axis by a component in the X-axis 
of the resultant force of two forces. The two forces are an 
attraction force in a direction shown by arrow H acting between 
the magnet 8 and the coil-supporting yoke 3a and an attraction force 
in a direction shown by arrow G acting between the magnet 9 and 
coil- supporting yoke 4a. 

Referring to Figs. 6, a balance is achieved between the weight 
of the lens holder 6 and a component in the Z-axis of the resultant 
force of two forces. Thus, the lens holder 6 s suspended at its 
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neutral position. The two forces are the attraction forces acting 
between the magnet 8 and the coil-supporting yoke 3a and between 
the magnet 9 and coil-supporting yoke 4a. The resultant force is 
in a direction shown by arrow D. When the lens holder 6 is displaced 
from the neutral position in directions shown by arrows D and E, 
a force tending to return to the neutral position is generated in 
accordance with a change in the magnetic field or magnetic flux 
Ml and M2 in the magnetic circuit. 

Referring back to Fig. 1, the focusing coils 12 and 13 are 
wound on the coil-supporting yokes 3a and 4a , respectively, in such 
a way that the focusing coils are wound about axes parallel to the 
Z-axis. The tracking coils 14 and 15 are wound on the focusing 
coils 12 and 13 , respectively, in such a way that the tracking coils 
are wound about axes parallel to the X-axis. 

The base 2 has an opening 2c through which a beam of light 
emitted from a light source, not shown, passes. The opening 2c 
is larger than an area in which the objective lens 7 moves in the 
X-Y plane. A relay terminal board 16 is fixedly mounted by a screw 

11 (Fig. 3) to the base 2, the relay terminal board 16 relaying 
the electrical connection of lead lines from the focusing coils 

12 and 13 and tracking coils 14 and 15. 

{Operation} 

The operation for holding the lens holder at the neutral 
position will be described. 

When the lens holder 6 displaces from the neutral position 
in the Z-axis, a force tending to return to the neutral position 
is generated in accordance with a change in the magnetic field in 
the magnetic circuit. 

The characteristic of this force depends greatly on the shape 
of the cutouts 3b and 4b formed in the side walls 3 and 4, 
respectively. The shape of the cutouts 3b and 4b is selected such 
that when the focusing of the objective lens 7 is corrected, the 
force acting on the lens holder varies linearly within the range 
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(usually ±1 mm) in which the objective lens 7 should move. For 
example, the length of the cutouts 3b and 4b in the Z-axis should 
be greater than the aforementioned range in which the objective 
lens 7 moves. 

When the lens holder 6 rotates from the neutral position in 
directions shown by arrows A and B about the Z-axis, the magnetic 
field in the magnetic circuit changes to create a force in accordance 
with the amount of rotation of the lens holder 6. This force causes 
the lens holder 6 to return to the neutral position. The 
characteristic of this force depends greatly on the length and 
position of the long free portions of the coil-supporting yokes 
3a and 4a. The shape of the long free portions of the coil- 
supporting yokes 3a and 4a are selected such that when the tracking 
error of the objective lens 7 is corrected, the force acting on 
the lens holder varies linearly within the range (usually ±0.5 mm) 
in which the objective lens 7 should move. 

As described above, when no external force is applied to the 
lens holder 6, the lens holder 6 is urged somewhat in the negative 
X-axis but remains balanced at the neutral position. This urging 
force presses the inner wall of the bearing 6a against the shaft 
5, preventing a gap from being created between the bearing 6a and 
the shaft 5. Thus, the rattling of the lens holder 6 is minimized 
when the lens holder 6 rotates. 

The focusing operation and tracking operation will be 
described with reference to Figs . 5 and 6 . 

The light emitted from the light source passes the opening 
2c and enters the objective lens 7 in a direction as shown by arrow 
C (Fig. 1) . The objective lens 7 focuses the light on the recording 
surface of the optical recording medium disposed above the 
objective lens 7, thereby forming a spot of light on the recording 
surface. The optical recording medium is positioned such that when 
the grooves or pits of the rotating recording medium pass the 
objective lens 7, the direction of circumferential velocity of the 
track of the grooves or pits is substantially parallel to the X-axis . 
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When a focus error is corrected , currents are run through the 
focusing coils 12 and 13 to create electromagnetic forces that act 
between the currents and the magnetic fields (magnetic fluxes Ml 
and M2) emanating from the magnets 8 and 9. The electromagnetic 
forces cause the lens holder 6 (i.e. , objective lens 7) to displace 
relative to the optical recording medium in D and E directions 
(Z-axis) . In this manner, the focusing control of the objective 
lens 7 is carried out. 

When a tracking error is corrected, currents are run through 
the tracking coils 14 and 15 to create electromagnetic forces that 
act between the current and the magnetic fields (magnetic flux Ml 
and M2) emanating from the magnets 8 and 9. An electromagnetic 
force acts in directions shown by arrows F and G, thereby causing 
the lens holder 6 to rotate about the shaft 5 in directions shown 
by arrow +Y. Another electromagnetic force acts in directions 
shown by arrows H and I , thereby causing the lens holder 6 to rotate 
about the shaft 5 in directions shown by arrow -Y. The +Y direction 
and -Y direction are substantially transverse to the direction of 
the track (pits or grooves) of the optical recording medium. In 
this manner, the tracking control of the objective lens 7 is carried 
out. 

As described above, the magnets 8 and 9, base 2 including the 
coil- supporting yokes 3a and 4a, and yoke 10 form a magnetic circuit. 
The magnetic circuit operates to support the objective lens 7 of 
the movable magnet type at its neutral position. The use of a 
magnetic force eliminates separate components such as supporting 
springs of the conventional art, thereby reducing the number of 
components as well as facilitating the assembly of the apparatus. 

As described above, the bearing hole 6a formed in the lens 
holder 6 is pressed against the shaft 5 by the magnetic force. This 
makes the lens holder 6 rattle-free, so that the lens holder 6 (i.e. , 
objective lens 7) will not tilt and/or vibrate. 
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Second Embodiment 

Fig. 7 is a perspective view illustrating the general 
configuration of the objective lens driving apparatus 21 according 
to a second embodiment. 

Fig. 8 is an exploded perspective view of the objective lens 
driving apparatus shown in Fig. 4. 

Fig. 9 illustrates a magnetic circuit of the second 
embodiment . 

The second embodiment differs from the first embodiment in 
that plate-like yokes are employed in place of the yoke having 
magnetic paths. Elements similar to those in the first embodiment 
have been given the same reference numerals and the description 
thereof is omitted. 

The plate-like yokes 22 and 23 are made of a magnetic material 
and are integrally fixed to the lens holder together with the magnets 
8 and 9. The plate-like yoke 22 is between the magnet 8 and the 
lens holder 6 and the plate-like yoke 23 is between the magnet 9 
and the lens holder 6, respectively. Thus, a magnetic circuit that 
includes the long portion of the coil-supporting yoke 3a , base 2, 
and plate-like yoke 22 is defined around the magnet 8. In Fig. 
9, the tracking coils 14 and 15 are omitted for simplicity. Also, 
a magnetic circuit that includes the long portion of the coil- 
supporting yoke 4a , base 2, and plate-like yoke 23 is defined around 
the magnet 9 . 

The operation and advantages of the second embodiment of the 
aforementioned configuration are the same as the first embodiment 
and therefore the description thereof is omitted. The second 
embodiment has been described with respect to the plate-like yokes 
22 and 23 that are first fixed to the magnets 8 an 9, respectively, 
and then assembled to the lens holder 6. Instead, the yokes 22 
and 23 may be formed in integral with the lens holder 6 in advance. 

Third Embodiment 

Fig. 10 is a perspective view, illustrating a general 
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configuration of the objective lens driving apparatus according 
to a third embodiment. 

Fig. 11 is a perspective view, illustrating the bottom portion 
of the apparatus shown in Fig. 10. 

The third embodiment differs from the first embodiment in that 
a base 32 is used in place of the base 2. Elements similar to those 
in the first embodiment have been given the same reference numerals 
and the description thereof is omitted. 

Referring to Figs. 10 and 11, a Z-axis is a direction parallel 
to the shaft .5 , an X-axis is a direction perpendicular to the Z-axis , 
and a Y-axis is a direction perpendicular to both the X-axis and 
Z-axis. The base 32 is made of highly rigid engineering plastics 
such as polyphenylene sulfide (referred to PPS hereinafter) or a 
non-magnetic material such as aluminum. The base 32 is coated with 
f luoroplastics having a small friction coefficient so that the lens 
holder 6 can rotate smoothly on the base 32. The base 2 has side 
walls 33 and 34 at opposite ends and a supporting shaft 5 extends 
from a middle of the base 2 between the side walls 33 and 34. 

A lens holder 6 is made of a lightweight, highly rigid plastics 
material, and has a bearing hole 6a (Fig. 12) formed in the middle 
thereof through which the supporting shaft 5 extends upwardly and 
is rotatably supported by the base 32. The lens holder 6 supports 
an objective lens 7 at a position eccentric to the shaft 5 in such 
a way that the optical axis of the objective lens 7 is parallel 
to the Z-axis . 

When the lens holder 6 is at its neutral position, the optical 
axis of the objective lens 7 and the rotational axis (i.e. , the 
shaft 5) of the objective lens 7 lie in a plane parallel to the 
X-axis . 

The base 32 has an opening 32c formed therein through which 
a beam of light emitted from a light source, not shown, passes toward 
the objective lens 7. The opening 32c is larger than an area in 
which the objective lens 7 moves in an X-Y plane. A relay terminal 
board 16 is fixedly mounted to the portions 38 and 39 of the base 
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32 by means of a screw 11a. The relay terminal board 16 relaying 
the electrical connection of lead lines from the focusing coils 
12 and 13 and tracking coils 14 and 15. 

The light emitted from the light source passes through the 
opening 32c and enters the objective lens 7 in a direction as shown 
by arrow J in Fig. 10. The objective lens 7 focuses the light on 
the recording surface of the optical recording medium , not shown, 
disposed above the objective lens 7 , thereby forming a spot of light 
on the recording surface. The optical recording medium is 
positioned such that when the grooves or pits formed in the rotating 
recording medium pass the optical axis of the objective lens 7 , 
the direction of circumferential velocity of the track of the 
grooves or pits is substantially parallel to the X-axis . 

Fig. 12 is an exploded perspective view , illustrating various 
components of the objective lens driving apparatus shown in Fig. 
10. 

Referring to Fig. 8, holes 33a and 34a are formed in the 
recessed top surfaces of the side walls 33 and 34, respectively. 
The holes 33a and 34a are used to mount the coil-supporting yokes 
35 and 36 to the base 32. The coil-supporting yokes 35 and 36 are 
generally L-shaped magnetic members and have long portions 35b and 
3 6b , respectively . 

A yoke 10 is made of a magnetic material and has a base and 
a pair of magnetic paths lOe and lOf that extend from the base portion 
of the yoke 10 and oppose each other. The base has screw holes 
iOa-iOc and a positioning hole lOd formed therein. The magnetic 
paths lOe and lOf are assembled in such a way that the magnetic 
paths lOe and lOf extend through openings 32a and 32b (Fig. 11) 
formed in the base 32 and clearance holes 6b and 6c formed in the 
lens holder 6, respectively. Each of the magnetic paths lOe and 
lOf is fixed to the outer bottom surface of the base 32 by means 
of three screws llb-lld. 

Fig. 13 illustrates a magnetic circuit of the third 
embodiment . 
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As shown in Fig. 13 , upon attaching the yoke 10 to the base 
32 , the coil-supporting yoke 35 (Fig. 14) and magnetic path lOe 
form a magnetic circuit that surrounds the magnet 8. In Fig. 13, 
the tracking coils 14 and 15 are omitted for simplicity. Also, 
the coil-supporting yoke 36 (Fig. 14) and magnetic path lOf form 
another magnetic circuit that surrounds the magnet 9 . 

Fig. 14 illustrates a focusing coil and tracking coil mounted 
on a coil-supporting yoke 35. 

Referring to Fig. 14, the focusing coils 12 and 13 are wound 
on the long portions 35b and 36b of coil-supporting yokes 35 and 
36, respectively, and tracking coils 14 and 15 are wound on the 
focusing coils 12 and 13, respectively. 

The coil-supporting yokes 35 and 36 are assembled to the base 
32 with the portions 35a and 36a press-fitted into the holes 33a 
and 34a formed in the side walls 33 and 34, respectively. The 
coil-supporting yokes 35 and 36 are received in the recesses formed 
in the top surfaces of the side walls 33 and 34, respectively, while 
also extending in a direction parallel to the X-axis with a 
predetermined clearance formed between the top surfaces of the 
recesses . 

The focusing coils 12 and 13 are wound on the coil-supporting 
yokes 35 and 36, respectively, in such a way that the focusing coils 
12 and 13 are wound about axes parallel to the Z-axis. The tracking 
coils 14 and 15 are wound on the focusing coils 12 and 13, 
respectively, in such a way that the tracking coils 14 and 15 are 
wound about axes parallel to the X-axis. 

Referring back to Fig. 10, each of the magnets 8 and 9 exerts 
an attraction force on a corresponding one of the pair of the 
coil-supporting yokes 35 and 36, so that the lens holder 6 is urged 
both in a direction parallel to the X-axis and in the Z-axis . Thus , 
at the neutral position, the lens holder 6 is urged by an X-axis 
component of the resultant force of two forces: the force acting 
between the magnet 8 and the coil-supporting yoke 35 and the force 
acting between the magnet 9 and the coil-supporting yoke 36. 
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Also, at the neutral position, a balance is achieved between 
the weight of the lens holder 6 and a component in the Z-axis of 
the resultant force of the attraction forces acting between the 
magnet 8 and coil-supporting yoke 35 and between the magnet 9 and 
coil-supporting yoke 36. 

{Operation} 

The operation for returning the lens holder to the neutral 
position will be described. 

When the lens holder 6 displaces from the neutral position 
in the Z-axis for some reason, a force tending to return to the 
neutral position is generated in accordance with a change in the 
magnetic field in the magnetic circuit. 

When the lens holder 6 rotates from the neutral position in 
directions shown by arrows A and B about the Z-axis , a change in 
the magnetic field in the magnetic circuit creates a force in 
accordance with the amount of rotation of the lens holder 6. This 
force causes the lens holder 6 to return to the neutral position. 

The characteristic of this force depends greatly on the shape 
and position of the coil-supporting yokes 35 and 36 formed in the 
side walls 33 and 34, respectively. Thus, the shape and position 
of the coil-supporting yokes 35 and 36 are selected such that when 
the focusing of the objective lens 7 is corrected, the force acting 
on the lens holder 6 varies linearly within the range (usually ± 
1 mm) in which the obj ective lens 7 should move in the Z-axis . Also , 
the shape and position of the coil-supporting yokes 35 and 36 are 
selected such that when the tracking of the objective lens 7 is 
corrected, the force acting on the lens holder 6 varies linearly 
within the range (usually ±0.5 mm) in which the objective lens 7 
should move. 

As described above, when no external force is applied to the 
lens holder 6, the lens holder 6 is urged somewhat in the negative 
X-axis but remains balanced at the neutral position. This urging 
force in the X-axis presses the inner wall of the bearing 6a against 
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the shaft 5 , preventing a gap from being created between the bearing 
hole 6a and the shaft 5. Thus, the rattling of the lens holder 
6 is minimized when the lens holder 6 rotates. 

The focusing operation and tracking operation in the third 
embodiment are the same as those in the first embodiment and its 
description is omitted. 

As described above, the magnetic circuit formed of the magnet 
8 and 9, coil-supporting yokes 35 and 36 , and the yoke 10 operates 
to support the objective lens 7 of the movable magnet type at its 
neutral position. The use of a magnetic force eliminates separate 
components such as supporting springs of the conventional art, 
thereby reducing the number of components as well as facilitating 
the assembly of the apparatus. 

The bearing hole 6a formed in the lens holder 6 is pressed 
against the shaft 5 by the magnetic force. This makes the lens 
holder 6 rattle-free, so that the lens holder 6 (i.e., objective 
lens 7) will not tilt and/or vibrate. 

The base 32 can be made of a non-magnetic material such as 
plastics that can be machined easily. Therefore, the rigidity of 
the base can be increased by forming a wall in such a way that the 
wall surrounds substantially the whole circumference of the base, 
thereby preventing unwanted vibration of the structure. 

The base 32 may have projections formed on the top surfaces 
of the side walls 33 and 34 so that a coil assembly of the coils 
12 (13) and 14 (15) is received between the projections. The gaps 
between the coil assembly and projections are filled with an 
adhesive for securely mounting the coils to the base 32. Thus, 
when the lens holder is driven, a reaction force will not cause 
the focusing coils 12 and 13 and the tracking coils 14 and 15 to 
vibrate . 

In the third embodiment, the focusing coils 12 and 13 and 
tracking coils 14 and 15 are fixed to the coil-supporting yokes 
35 and 36 by an adhesive. Alternatively, the assembly may be 
replaced by a composite component where the focusing coils and 
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tracking coils are directly wound on the coil-supporting yokes. 

Fourth Embodiment 

Fig. 15 is a perspective view, illustrating the configuration 
of an objective lens driving apparatus 41 according to a fourth 
embodiment . 

Fig. 16 is a perspective view, illustrating the bottom portion 
of the objective lens driving apparatus 41. 

Fig. 17 illustrates a magnetic circuit of the fourth 
embodiment . 

The fourth embodiment differs from the third embodiment in 
that plate-like yokes 22 and 23 are employed in place of the yoke 
10. Elements similar to those in the third embodiment have been 
given the same reference numerals as the third embodiment and the 
description thereof is omitted. 

The plate-like yokes 22 and 23 are made of a magnetic material 
and are integrally fixed to the lens holder 6 together with the 
magnets 8 and 9 . The plate-like yoke 22 is between the magnet 8 
and the lens holder 6 and the plate-like yoke 23 is between the 
magnet 9 and the lens holder 6, respectively. Thus, a magnetic 
circuit is defined around the magnet 8 by the long portion of the 
coil-supporting yoke 35 (Fig. 14) and the plate-like yoke 22. As 
shown in Fig. 17, a magnetic circuit is defined around the magnet 
9 by the long portion of the coil-supporting yoke 36 (Fig. 14) and 
the plate-like yoke 23. In Fig. 17, the tracking coils 14 and 15 
are omitted for simplicity. 

The aforementioned configuration provides the same operation 
and advantages as the third embodiment, and the description thereof 
is omitted. 

Fifth Embodiment 

Fig. 18 is a perspective view r illustrating the configuration 
of an object driving apparatus 51 according to a fifth embodiment. 
Fig. 19 is a perspective view r illustrating the bottom portion 
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of the apparatus shown in Fig. 12. 

Fig. 20 is an exploded perspective view of the apparatus shown 
in Fig. 18. 

The fifth embodiment differs from the first embodiment in that 
the focusing coils 12 and 13 and tracking coils 14 and 15 are mounted 
on a base 52 differently. Elements similar to those in the first 
embodiment have been given the same reference numerals and the 
description thereof is omitted. 

A Z-axis is a direction parallel to the shaft 5, an X-axis 
is a direction parallel to the Z-axis , and a Y-axis is a direction 
perpendicular to the X-axis and Z-axis. 

Referring to Fig. 18, the base 52 is made of a magnetic material 
and coated with f luoroplastics having a small friction coefficient. 
The base 52 has a supporting shaft 5 extends from a middle of the 
base 2. The base 52 includes yoke-carrying members 53 and 54 (Fig. 
20) that are made of highly rigid engineering plastics such as PPS 
or a non-magnetic material such as aluminum. 

Holes 53a and 54a are formed in the top surfaces of the 
yoke-carrying members 53 and 54 f respectively. The coil- 
supporting yokes 35 and 36 in the fourth embodiment are the same 
as the coil-supporting yokes 35 and 36 in the third embodiment and 
therefore the description thereof is omitted. 

The coil-supporting yokes 35 and 36 are assembled to the base 
52 with their short portions 35a and 36a press-fitted into the holes 
53a and 54a , respectively, which are formed in the yoke-carrying 
members 53 and 54, respectively. Upon assembling the coil- 
supporting yokes 35 and 36 to the base 52 , long free portions 35b 
and 36b extend in a direction parallel to the X-axis with a 
predetermined clearance between the top surfaces of the recesses. 

Fig. 21 illustrates a magnetic circuit of the fifth 
embodiment . 

In the aforementioned configuration, the positional relation 
among the coil-supporting yokes 35 and 36 and the magnets 8 and 
9 disposed on the lens holder 6 are the same as that in the third 
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embodiment and the description thereof is omitted. 

Thus, a magnetic circuit including the long portion of the 
coil-supporting yoke 35 , base 52 f and plate-like magnetic path lOe 
is defined around the magnet 8 . Also, a magnetic circuit including 
the long portion of the coil-supporting yoke 36 , base 52, and 
plate-like magnetic path lOf is defined around the magnet 9. In 
Fig. 21 , the tracking coils 14 and 15 are omitted for simplicity. 

The lens holder 6 is urged in a negative X-axis by a component 
in the X-axis of the resultant force of an attraction force acting 
between the magnet 8 and the coil-supporting yoke 35 and an 
attraction force acting between the magnet 9 and the coil- 
supporting yoke 36. 

At the neutral position, a balance is achieved between the 
weight of the lens holder 6 and a component in the Z-axis of the 
resultant force of the attraction forces acting between the magnet 
8 and the coil-supporting yoke 35 and between the magnet 9 and 
coil-supporting yoke 36. When the lens holder 6 displaces from 
the neutral position in the Z-axis for some reason, a force tending 
to return to the neutral position is generated in accordance with 
a change in the magnetic field in the magnetic circuit. 

When the lens holder 6 rotates from the neutral position in 
directions shown by arrows A and B about the Z-axis, a change in 
the magnetic field in the magnetic circuit creates a force in 
accordance with the amount of rotation of the lens holder 6. This 
force causes the lens holder 6 to return to the neutral position. 

The characteristic of this force depends greatly on the shape 
and position of the coil-supporting yokes 35 and 36 placed on the 
yoke-carrying members 53 and 54. The shape and position of the 
coil-supporting yokes 35 and 36 are selected such that when the 
focus error of the objective lens 7 is corrected, the force varies 
linearly in the range (usually ±1 mm) in which the objective lens 
7 should move. Also, the shape of the long free portions of the 
coil-supporting yokes 3a and 4a are selected such that when the 
tracking error of the objective lens 7 is corrected, the force varies 
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linearly in the range (usually ±0.5 mm) in which the objective lens 
7 should move. 

With the aforementioned configuration, the control 
operations for focusing correction and tracking correction are the 
same as those in the third embodiment and the detailed description 
thereof is omitted. 

The objective lens driving apparatus of the aforementioned 
configuration provides the same advantages as the first embodiment. 

The fifth embodiment has been described with respect to the 
yoke-carrying members 53 and 54 that are fixed to predetermined 
positions on the base 52 f respectively. Alternatively, the 
configuration may be modified in such a way that the through-holes 
52a and 52b formed in the base 52 have slightly larger inner 
diameters than the outer diameters of screws, thereby allowing 
positional adjustment of the yoke-carrying members 53 and 54. 

Such a modification allows the magnetic force acting on the 
magnets 8 and 9 to change, so that the magnitude of the force acting 
on the bearing 6a of the lens holder 6 and the neutral position 
of the objective lens 7 can be adjusted accordingly. 

When the yoke-carrying members 53 and 54 are formed of plastics , 
the yoke-carrying members 53 and 54 may be insert-molded with the 
coil-supporting yokes 35 and 36. 

Sixth Embodiment 

Fig. 22 is a perspective view, illustrating the configuration 
of an objective lens driving apparatus. 

Fig. 23 is a perspective view, illustrating the bottom portion 
of the objective lens driving apparatus. 

Fig. 24 illustrates a magnetic circuit of the sixth 
embodiment . 

The sixth embodiment differs from the fifth embodiment in that 
plate-like yokes 22 and 23 (Fig. 18) are employed in place of the 
yoke 10 (Fig. 20) . 

The plate-like yokes 22 and 23 are made of a magnetic material 
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and integrally fixed to the lens holder 6 together with the magnets 

8 and 9. The plate-like yoke 22 is between the magnet 8 and the 
lens holder 6 and the plate-like yoke 23 is between the magnet 9 
and the lens holder 6. Thus, the long portion of the coil- 
supporting yoke 35 (Fig. 14) , base 52, and plate-like yoke 22 define 
a magnetic circuit around the magnet 8. Also, the long portion 
of the coil-supporting yoke 36 (Fig. 14) , base 52, and plate-like 
yoke 23 define a magnetic circuit around the magnet 9. In Fig. 
24, the tracking coils 14 and 15 are omitted for simplicity. 

The operation and advantages of the aforementioned 
configuration are the same as those of the fifth embodiment and 
the description thereof is omitted. The simple configuration of 
the sixth embodiment is effective in reducing manufacturing cost 
of an objective lens driving apparatus. The sixth embodiment has 
been described with respect to the configuration where the 
plate-like yokes 22 and 23 are first fixed to magnets 8 and 9, 
respectively, and then assembled to the lens holder 6. The yokes 
22 and 23 may also be formed integrally with the lens holder 6. 

While the magnets 8 and 9 have flat surfaces that face the 
coils, the surfaces may also be curved surfaces concentric to the 
shaft 5, in which case, the surfaces of the coil-supporting yokes 
3a and 4a (Fig. 3) on which the respective coils are mounted may 
also be curved surfaces concentric to the shaft 5, and the surfaces 
of the coil-supporting yokes 36 and 36 that face the magnets 8 and 

9 may also be curved surfaces concentric to the shaft 5. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are not to 
be regarded as a departure from the spirit and scope of the invention, 
and all such modifications as would be obvious to one skilled in 
the art intended to be included within the scope of the following 
claims . 
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